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Section 1 Introduction
1.1 Scope

This Work Plan describes plans for pilot testing at the permeable reactive barrier (PRB) at the Grenada
Manufacturing Facility (facility) in Grenada, Mississippi. The pilot test will comprise the following two
tasks:
1. Testing to enhance the treatment capability of the PRB by directly placing groundwater within the
PRB downgradient of its front face to address reduction of permeability; and
2. Testing enhanced reductive dechlorination (ERD) as a method to remediate groundwater con-
taining chlorinated volatile organic compounds (CVOCs) that appear to be moving toward and

possibly around the PRB’s south end.

These two activities are presented in a single Work Plan because they will be completed simultaneously.

1.2 Plan Organization

This work plan is organized to initially provide background information regarding investigation work com-
pleted on the PRB and present the current understanding of the permeability reduction at the front face
of the PRB. A detailed description of the work completed to date is provided in the Supplemental Report
(Appendix E) to the 2012 Annual Report. A summary of this work and the findings also is provided in

Section 2, along with information developed since the Supplemental Report was submitted in 2014.

Section 3 describes the work associated with the first task of this Work Plan to be conducted to enhance
the treatment capabilities of the PRB. As described, the pilot test approach includes bypassing the front
face of the PRB through the use of “in-wall” wells that distribute groundwater within the PRB and place it
in direct contact with the zero valent iron (ZVI). The primary method to provide complete treatment of

the groundwater CVOCs is to enhance the volume of groundwater that contacts the ZVI within the PRB.
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The pilot test will assess the ZVI's ability to treat the groundwater and the efficacy of the proposed meth-
ods for placing groundwater within the PRB to achieve the necessary residence times to meet treatment
goals. The pilot test will also address the use of an ERD zone downgradient of the PRB for treatment in

addition to treatment provided by the ZVI.

Section 4 describes the second task of this Work Plan, an enhanced reductive dechlorination (ERD) zone
to be established on the PRB’s south end to treat CVOC-impacted groundwater. The extent of the area of
CVOC-impacted groundwater at the south end of the PRB will be assessed. Based on the area’s size, do-
nor substrate will be added to the aquifer to create a zone for ERD treatment of this groundwater. Moni-
toring will occur to determine the effectiveness of the ERD treatment zone. The monitoring also will
serve to determine when additional donor substrate must be added to the aquifer to maintain the ERD
zone. Bioaugmentation of the aquifer will occur to ensure that the microbes needed to provide complete
dechlorination of CVOCs are present in the treatment zone. The treatment zone, to be created at the
PRB’s south end, is intended to be an interim measure to treat groundwater until the plume is realigned
and captured upgradient of the PRB. The realignment/capture of the plume is expected to occur upon

full-scale implementation of work associated with the first task, described above.

Section 5 highlights the quality assurance/quality control activities to ensure that the data collected for
the pilot study’s two activities meet the objectives of the work plan and provide the information needed
for rejuvenation of the PRB’s. The data quality objectives are defined, and methods to ensure that the

objectives are met are described in this section.

Section 6 presents the proposed schedule for performing the work plan tasks and Section 7 describes
the associated reporting of the work and the pilot study results. Section 8 provides references for this

Plan.
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Section 2 Background

A ZVI PRB was proposed in the CMS as the corrective measure for addressing impacted facility ground-
water, and was approved as the facility-wide groundwater remedy by both USEPA and MDEQ. The PRB,
installed near Riverdale Creek, was designed to intercept groundwater migrating toward the creek, treat
dissolved-phase chlorinated solvent-impacted groundwater (CVOCs) and reduce CVOC concentrations in
Riverdale Creek to levels below human health risk and aquatic life criteria. Deed restrictions also were
imposed to ensure that other potential pathways to receptors, such as through the use of shallow

groundwater at the facility, were blocked.

Designed in 2003, the PRB was installed in 2004 and 2005. The specifications for the design and in-
stallation of the PRB are provided in the Designh Basis Report (BC, 2003) and the Construction Comple-

tion Report (BC, 2006). A summary description of the PRB is provided here.

The PRB is located approximately 100-feet upgradient of Riverdale Creek and is 1,200 feet long (Figure
2-1). The sampling conducted at the time the PRB was designed indicated that its location and length
would effectively facilitate treatment of the CVOC plume, with buffer zones provided at the north and
south ends of the plume width. The PRB was constructed in 50-foot long panels with concrete “stops”
installed ahead of the PRB construction to divide it into 24 panel segments. Each panel segment had an
upper and lower panel to correspond to the Shallow and Deep zones of the Upper Aquifer, resulting in a

total of 48 PRB panels that were 50 feet wide and 15 to 20 feet top to bottom.

The panels were numbered from north to south and from shallow to deep, such that Panel 1 is the north-
ernmost shallow panel and Panel 25 is the northernmost deep panel. Figure 2-2 shows the PRB in plan
view, and its associated monitoring wells. Each PRB panel was sized to treat the concentration of CVOCs
considered to be present in groundwater flowing to that specific location within the PRB. The PRB pan-

els varied in thickness (upgradient to downgradient dimension) from 2.5 feet to 6 feet. The ZVI content
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of each panel was also varied to match the required level of treatment, from 100 percent ZVI to a mix-
ture as low as 12 percent ZVI and 88 percent sand. Figure 2-3 presents both a plan view and cross sec-

tion of the PRB showing the individual panels, and the effective thickness and ZVI content of each panel.

The PRB panels were constructed by excavating to the design depth between the concrete stops with a
long arm track hoe. The design depth included the following stratigraphy: surficial silty clay soil, the up-
per and lower zones of the shallow aquifer and the upper two-to-three feet of the Shaley Clay Aquitard
separating the Upper and Lower Aquifers at the facility. The trench was held open during the excavation
through the use of guar gum slurry. The density and depth of the guar gum were used to prevent col-
lapse of aquifer soils into the trench during excavation. When a given excavation was complete, ZVI
and/or a mixture of ZVI and coarse sand were metered into the trench, displacing the slurry. Upon in-
stallation of the upper and lower panels, the residual guar gum was broken down to simple soluble sug-
ars by circulating a solution containing an enzyme specific to guar gum degradation. The sugars then
migrated downgradient of the PRB panel and provided an electron donor for reductive dechlorination of

CVOCs in groundwater between the PRB and Riverdale Creek.

Each PRB panel was designed by Brown and Caldwell (BC) together with the patent holder for ZVI treat-
ment of groundwater, EnviroMetals Technology, Inc. (ETI), to provide enough residence time (or contact
time) for the groundwater to interface with the ZVI to allow full breakdown of the CVOCs as the water mi-
grated through the PRB. The estimate of aquifer CVOC concentration at each panel and the rate of
groundwater flow were established by BC, and the required residence time (and consequently the re-

quired ZVI panel thickness) was established by ETI.

Panel construction proceeded from north to south, and began in the fall of 2004. Once the panels were
constructed and groundwater began to flow through the PRB, CVOC treatment commenced. The primary
treatment process is the direct dechlorination of CVOCs at the ZVI surface through a corrosion reaction; a

secondary process that occurs frequently in conjunction with ZVI is enhanced reductive dechlorination
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(with microbes) due to the introduction of an electron donor (the degraded guar gum solution and hydro-
gen from the corrosion of ZVI). Supplemental panels were installed in the spring of 2005 to ensure that
enough ZVI was present to meet the intended design residence time, based upon the results of ZVI em-

placement within the PRB (BC, 2006). Figure 2-4 depicts the location of supplemental panels, which

were installed on the upgradient side of the PRB.

All construction activities were completed in March 2005. Deep and shallow groundwater monitoring
wells were installed prior to PRB construction, including at northern and southern locations. The north-
ern transect includes upgradient monitoring wells MW-45 and MW-46. Monitoring wells MW-41 and
MW-42 were placed downgradient of the future PRB location. The southern transect included upgradi-
ent monitoring wells MW-51 and MW-52. Monitoring wells MW-47 and MW-48 were placed downgradi-
ent of the future PRB location. In each case, the lower numbered monitoring well in the nested pair cor-
responds to the shallow well. Additional monitoring wells were placed directly into the PRB following
installation with the intent of placing the wells approximately in the middle of the PRB at each location.
Wells MW-43 and MW-44 (shallow and deep) were installed in panels 9 and 33, respectively (north tran-
sect), and MW-50 and MW-49 (shallow and deep) were installed in panels 16 and 42, respectively (south

transect).

Initial performance of the PRB was according to specifications. CVOC concentrations declined signifi-
cantly in wells downgradient of the PRB and in Riverdale Creek. However, a few years after installation,
the PRB began to experience hydraulic anomalies. It is now known that the occurrences of such anoma-
lies resulted from a reduction in permeability of the PRB’s front (upgradient) face. Details of investiga-
tions undertaken to identify the nature and cause of the hydraulic anomalies are provided in the Supple-

mental Report (Appendix E) to the 2012 Annual Report.

Following the Supplemental Report’s submittal, additional work was conducted to further understand the
causes of the hydraulic anomalies and identify potential solutions for rejuvenation of the PRB. The work

continues and the activities described in this Work Plan are the next steps in the process of rejuvenating
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the PRB. The following bullets summarize the work completed since the Supplemental Report was sub-

mitted:

1.

Y

Test coring of the PRB was completed in May of 2015 at Panels 7 and 8 to further evaluate the
potential for placement of “slot-borings” in the front face of the PRB to allow additional flow of
groundwater into the PRB. Borings were placed at the approximate location of the front face in
Panels 7 and 8 of the PRB and core soil/ZVI samples obtained for laboratory analysis.

Cores also were obtained from the interior of the PRB for comparison to the front face cores and
for use in laboratory analyses.

One of the borings placed in Panel 8 was observed to hit the front face of the PRB as noted by
the presence of both zero-valent iron (ZVI) and aquifer sand in the cores. Data logging of water
levels at multiple locations in the vicinity of the PRB was used to verify that the front face had
been disturbed/crossed by this boring. Water levels in nearby wells declined.

Some cores obtained from the front face area of Panels 7 and 8 and from the interior of the PRB
were visually logged to characterize the nature of the ZVI and aquifer sand and to look for signs
of biofouling and/or chemical precipitation. Evidence of likely biological growth and chemical
precipitation was observed in the field.

Additional cores were obtained and rapidly sealed within the PVC sleeves (used to retrieve the
cores) for later laboratory analysis. A total of 17 3-inch diameter cores, varying in length from 24
inches to 40 inches, were obtained and sealed. The cores were chilled to 4 degrees C and trans-
ported to Clemson University (Clemson) for further analysis. Upon arrival at Clemson, the cores
were transferred to a cold storage room and maintained at 4 degrees C.

Multiple tests have been performed on the cores at Clemson in the laboratory. Tests were per-

formed to evaluate:

§ 24
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7.

10.

Y

The organic content of the cored material, to assess the quantity of biomass present at

various locations near the front face of the PRB and within the aquifer just upgradient of

the PRB;

The extent of chemical precipitation present; and,

The potential for fines entrainment into the ZVI at the time of installation or subsequent

to installation.
The work at Clemson has identified more biological material in some locations at the front face
of the PRB than was observed in previous (angle boring) cores. A considerably larger content of
sulfide precipitates was present in some of the core material. Both of these findings suggest a
biological cause for the observed decrease in permeability of the front face of the PRB. Sulfate-
reducing bacteria may be using hydrogen generated by the corrosion of the ZVI to reduce sulfate
to sulfide, which subsequently combines with dissolved ferrous iron (and possibly other metals)
to form stable iron sulfide precipitates. If the sulfate-reducing bacteria can be inhibited or elimi-
nated, the clogging process in slot borings or wells placed in the PRB could be slowed or elimi-
nated.
Methods were developed in the laboratory at Clemson for testing the effectiveness of various
substances that could be used to control microbial growth on the front face of the PRB, and in
slot-borings and wells placed within the PRB. An effective method was developed and tested for
completing these tests using microcosm vials and the consumption of a hydrogen food source
supplied to the vials.
Several substances considered likely candidates for controlling biological growth were tested in
the laboratory, and that testing is ongoing. However, effective methods for controlling biological
growth appear to have been identified for further testing and final selection at the PRB.
Methods that provide more control over groundwater flow into the PRB (in comparison to slot-

borings) were designed and tested. A system in which the residence time in a given PRB panel

\
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11.

12.

13.

14.

can be controlled to ensure adequate treatment was determined to be necessary; such control
was considered difficult to achieve with slot borings. The selected delivery method involves the
use of wells inside the front face of the PRB that are close to the upgradient face. Water is deliv-
ered to each well at an independent and controllable rate to match requisite residence times of
groundwater in the PRB with the concentration of CVOCs in the influent water.

The first set of in-wall wells were installed in Panels 6 through 10 in preparation for pilot testing.
The front face of the PRB was mapped in July of 2015 for Panels 6 through 10 to allow place-
ment of wells within the PRB that are close to the front face, but within the wall. In August of
2015, a total of 46 wells were installed and retained for additional testing and full-scale PRB re-
juvenation work.

The 46 wells were surged and developed to remove fines and prepare the wells for the next
round of testing. Injection and extraction tests also were completed on each of these wells with
water-level data loggers in place.

When the laboratory testing of treatment methods at Clemson is compete, the most promising
treatment/biological inhibitor methods will be selected and tested on the in-wall wells. The abil-
ity to inhibit the biological processes and to maintain flow to the in-wall wells will be tracked over

time. The residence time in the PRB and treatment efficiency also will be pilot tested.

Work continues at Clemson to better define the methods to be used in the upcoming pilot tests, and is

described in the next section of this report. Appendix A contains well construction logs for monitoring

wells installed in and around the PRB.
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Section 3 PRB Rejuvenation Pilot Test

As discussed, over time, the permeability of the front (upgradient) face of the PRB has decreased. The
testing completed to date indicates that the interior of the PRB appears to remain permeable and also
capable of abiotically degrading CVOCs present in groundwater. The key requirement now is the place-
ment of groundwater in contact with ZVI in the interior of the PRB and maintaining sufficient residence

time to enable complete treatment of the CVOCs.

In-wall wells have been placed close to the front face of the PRB, but in the interior of the PRB, that will
allow the injection of plume groundwater directly into the PRB. A total of 49 wells were installed in 10
PRB panels (of 48 total panels). Three of the 49 wells subsequently were abandoned because it was
suspected that the wells had penetrated the front face of the PRB. In this rejuvenation scenario it is un-
desirable to allow groundwater to pass the front face in an uncontrolled manner; wells penetrating the

front face would provide such an uncontrolled pathway.

The remaining 46 wells were tested in the fall of 2015 to determine whether injected groundwater could
be accepted and to better evaluate the expected flowpaths within the PRB as water is injected into each
in-wall well. Prior to the injection of water into the test well, water level data loggers (Divers®) were
placed in the wells completed in the same panel segment and in piezometers located upgradient and
downgradient of the panel being tested. The water levels in the test well and in the other wells equipped
with Divers® were logged through the period of groundwater injection and subsequent recovery following
the injection. Groundwater transport modeling will be completed, as described in this Plan, to assess
the flowpath that groundwater likely will take in the tested panel and to estimate the residence time
groundwater will remain in a given panel based on flow characteristics. The calibrated groundwater flow

model for a given panel will be used to optimize the injection rate and frequency for each in-wall well.

Panels 9 and 33 (panel segment 9) will be used in the initial pilot test work to verify that the ZVI in the

interior of the PRB remains sufficiently reactive to degrade the CVOCs in groundwater, given a specified
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residence time. The intent of the groundwater injection in panels 9 and 33 will be to closely match the
residence time to the level of CVOC impact and to monitor the effectiveness of the PRB at reducing the

CVOC concentration in the injected groundwater.

An enhanced reductive dechlorination (ERD) zone will be established downgradient of the panel 9/33
area to treat residual CVOCs that may escape treatment in the PRB during the first phase of the pilot
test. It also will be used during the second phase to test the maximum groundwater treatment capability
of the PRB in conjunction with an ERD zone. Expansion of this approach to additional panels is expected

if the pilot testing is successful.

The pilot test also will evaluate whether the processes that have led to permeability loss in the wall’s
front face can be stopped and similar permeability loss in the in-wall injection wells prevented. Work
completed to date suggests that denatured ethanol, applied periodically to the wells, may inhibit the mi-
crobes that likely are facilitating the permeability loss. Some of the injection wells will be periodically
treated with denatured alcohol while others will remain untreated. The relative loss of permeability in
the two groups will be compared to evaluate the denatured alcohol effectiveness at slowing or stopping

the processes that lead to a permeability loss in the panels.

The remainder of this section is divided into subsections that describe the three main subtasks of the

pilot test work:
(1) Modeling groundwater flow within the panels;

(2) Performing the pilot test to determine if the existing ZVI is capable of achieving effective abiotic treat-

ment of CVOCs within the PRB; and

(3) Continuing testing described in #2 at a higher flow rate to define an optimal (higher) groundwater in-
jection rate that utilizes the abiotic degradation of the ZVI in conjunction with a downgradient ERD zone

to treat CVOCs in groundwater.
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3.1 PRB Panel Modeling

Data obtained from the in-wall well injection testing completed in the fall of 2015 will be used to cali-
brate a model for each shallow/deep panel pair (panel). This model will be used to predict flowpaths
within the panels and the resultant average residence time for groundwater injected into the panels.
The calibrated model then will be used to optimize the rate and frequency of groundwater injections at
panels 9 and 33 to meet the design residence time in the PRB necessary to achieve the requisite

groundwater treatment during the pilot test.

The modeling work will be competed using MODFLOW, a finite difference groundwater flow model, and
MODPATH to simulate advective groundwater flow through a particle tracking routine. Automatic param-
eter optimization with adjustments to hydraulic conductivity within the panel model cells will be used to

calibrate the model to field data obtained in the testing described in Section 3.0.

The primary purpose of the modeling is to develop an injection strategy that maximizes residence time.
Using that injection strategy, the volume and frequency of groundwater injections will be varied for each
well based on groundwater modeling results. Moreover, field results from the pilot test described in Sec-
tion 3.2 below will be used to determine the true in-situ reactivity of the ZVI. This information will be
used in conjunction with the panel models to ensure that the groundwater receives the design level of

treatment.

The results and calibration statistics of groundwater modeling for each panel will be reported as indi-

cated in Section 6.

3.2 PRB Rejuvenation Pilot Testing

A method for increasing the flow of groundwater through the ZVI PRB will be pilot tested on panels 9 and

33, as described below. The pilot test will consist of an initial phase designed to identify the flow rate of
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groundwater at specified trichloroethene (TCE), cis-1,2-dichloroethene (cDCE) and vinyl chloride (VC) con-
centrations that can be effectively treated by the PRB. The pilot test will include a controlled injection
of groundwater in identified locations at in-wall wells using a specified rate and injection interval. This
method of groundwater injection into the PRB will allow for a high level of control over groundwater flow
and residence time within treatment zones to provide near complete treatment of CVOCs within the PRB.

The following discussion describes the methods to be used to carry out the pilot testing,.

The pilot test will be performed on the upper and lower panels (panels 9 and 33) at the north transect in
the PRB. No distinct division exists within the PRB between the upper and lower panels. However, in
many instances more iron was installed in either the upper or lower panel in anticipation of a greater
CVOC concentration in the upper or lower zone of the aquifer at that location. Testing completed in the
in-wall wells has shown that little hydraulic separation exists between the upper and lower panels. The
primary hydraulic separation that exists within the PRB is between adjacent panel sections (upper or
lower). A concrete stop was placed every 50 feet within the PRB that divides PRB segments into panels.
In this Plan, the upper and lower panels of a single PRB segment (between concrete stops) will be de-
scribed as a single PRB panel and named based on the number of the upper panel. In this case, panels

9 and 33 are to be tested, but they will be described as PRB segment 9 in this Plan.

Figure 3-1 shows the location of the in-wall wells in Panel 9 and the existing and proposed monitoring
wells for the pilot test. A total of nine in-wall wells are present in this panel, four deep and five shallow.
This panel also contains the two in-wall monitoring wells that were installed in 2004 as monitoring points

within the north transect (MW-43 and MW-44).

A plan for placing groundwater into the nine injection wells will be developed as a part of the work de-
scribed in Section 3.1. However, the overall rate to be injected into the panel will be selected based on
the concentration of TCE, cDCE and VC in the groundwater being injected, and the iron content of seg-
ment 9. The goal is to provide a flow rate to this segment that is consistent with its groundwater treat-

ment capability. The flow rate will be determined using the ZVI treatment efficiency from the PRB design,
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the ZVI content of segment 9 and the residence time of the injected groundwater within segment 9. Of
these factors, the variable within our control is the residence time of groundwater in segment 9. This

variable is controlled by the rate and timing of groundwater injections into the panel.

To better track groundwater flow in the pilot test areas, bromide will be added to the injected groundwa-
ter. The target concentration for the bromide tracer in the injected groundwater is 50 mg/L. This con-
centration is significantly higher than the background concentration of bromide in groundwater, which
has been found to be non-detect. Bromide is a conservative tracer in this environment. It is non-reactive
and non-adsorbing, and provides a good method to track the movement of groundwater through the pilot

test area.

Monitoring for the pilot test will consist of groundwater samples collected weekly from wells A-9DN, A-9D
and A-9DS. The injected groundwater will also be monitored weekly during the test. The parameters to
be tested will include at least VOCs, dissolved oxygen (DO), oxidation reduction potential (ORP), pH, con-
ductivity, bromide, sulfate, alkalinity and arsenic. Sampling methods and quality control are discussed in

Section 5. Pilot test reporting is described in Section 6.

3.3 Downgradient ERD Pilot Test

An enhanced reductive dechlorination (ERD) zone will be established downgradient of PRB segment 9 to
treat residual CVOCs. The installation and testing of this ERD zone will constitute the second phase of
the PRB rejuvenation pilot test. Its purpose is to help determine the quantity of groundwater that can be
effectively treated by a combination of ZVI and ERD, and to optimize the process. If the initial pilot test-

ing is successful, its expansion to additional panels is expected.

Figure 3-1 shows the well locations that will be used to place emulsified vegetable oil (EVO) into the aqui-
fer in a zone downgradient of the PRB. These wells are labeled EVO-1 through EVO-7 on the figure. EVO
will provide a long-term electron donor for the biological breakdown of CVOCs to ethene and ethane. The

wells also will be used to bioaugment the treatment zone with microbes having the known capability to
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degrade CVOCs to ethene/ethane. The consortium of microbes to be injected includes Dehalococoides
ethenogens (DHC), which is the only microbe known to facilitate complete reductive dechlorination of
CVOCs to ethene. Other members of the consortium aid DHC in the degradation process by carrying out

such functions as EVO fermentation to hydrogen, which is the primary food source for DHC.

Groundwater will be extracted from alternate wells within the line of EVO wells, amended with EVO at a
specified dosing rate, periodically amended with bioaugmentation culture and reinjected into the adja-
cent set of EVO wells. EVO and the microbes will be pulled between adjacent wells (extraction and injec-
tion wells) to distribute both EVO and the microbial consortium with the line defined by the EVO wells.
After breakthrough of the EVO occurs at the extraction wells, the groundwater flow direction will be re-
versed between adjacent wells to provide effective coverage of EVO and bioaugmentation culture

throughout the line of EVO wells.

Groundwater flowing downgradient of PRB segment 9 will be treated as it moves through the ERD treat-
ment zone. As described in greater detail in Section 3.4, the electron donor for this process will be a
combination of the EVO injected for the pilot test, residual hydrogen from the corrosion of iron in the PRB

and denatured alcohol that will be used to help maintain the permeability of the in-wall injection wells.

The groundwater injection rate into the PRB wells will be increased to an optimal rate that combines
treatment with ZVI and ERD in a sustainable manner. Groundwater injections will continue at this opti-
mal rate to demonstrate the overall treatment capability of the system and the sustainability of the pro-
cess. The specific injection rate will be determined during the test to correspond to the treatment capa-
bility of the ZVI in combination with ERD treatment using residual ethanol (described in Section 3.4) and

hydrogen produced by the PRB as the electron donor sources for the ERD treatment.

Groundwater monitoring will continue at wells A-9DN, A-9D and A-9DS just downgradient of the PRB and
at well B-9D downgradient of the ERD zone. The first line of wells will measure the treatment efficiency
of the ZVI at the higher flow rate, and well B-9D will measure the combined treatment efficiency of the

combined system. As with the first phase of the pilot test, groundwater samples will be collected weekly
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and tested for the parameters listed in Section 3.3, with the addition of methane, ethane and ethene
(MEE), and arsenic. Throughout the pilot test, field parameter measurements (DO, ORP, conductivity and

pH) will be completed in wells MW-43 and MW-44 to evaluate conditions within the PRB.

3.4 In-Wall Well Treatment

Prior to commencing groundwater injections into the in-wall wells in segment 9, each well will be treated
with denatured alcohol to disrupt the biological processes that may develop while groundwater injection
is underway. The actual processes that are of concern (e.g., sulfide mineralization) that likely led to the

PRB front face permeability reduction are described in Section 2 above and in the Supplemental Report.

Laboratory testing is still ongoing to determine the optimal concentration of denatured alcohol for well
treatments. The optimal concentration of alcohol will be injected into each well (during a given treat-
ment event) to provide the desired biofilm disruption and microbial inhibition. The alcohol/groundwater
mixture will remain in the well for a period of 4 to 24 hours, depending on laboratory results and the
groundwater injection schedule. The specific concentration and duration of the treatment will be deter-

mined once the laboratory testing is completed and the results are analyzed.

Denatured ethanol will be added slowly to a given well as the groundwater in the well is circulated. Alco-
hol additions will continue until the desired alcohol concentration is achieved. A hydrometer will be used
to test the contents of the recirculation loop to determine when the appropriate alcohol concentration is
present. After the desired exposure time has occurred, groundwater injections will resume at a given
well and the injected groundwater will move the alcohol away from the well and, ultimately, into the
groundwater stream downgradient of the PRB. The residual alcohol will act as an electron donor for re-

ductive dechlorination of any remaining CVOCs within the ERD zone described in Section 3.3.

Each in-wall well will receive follow-up treatments with alcohol at a frequency to be determined initially by
laboratory testing, and will later be adjusted in the field based on backpressure observed during routine

groundwater injections.
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Section 4 PRB South End Work

The reduced permeability of the front face of the PRB and resulting changes in the wider flow field ap-
proaching the PRB have caused groundwater to move toward, and possibly around, the south end of the
PRB. An objective of this work is to identify how far to the south the groundwater plume has shifted and
to install an ERD treatment zone at the PRB’s south end to degrade the CVOCs to the harmless byprod-

ucts ethene/ethane before the groundwater discharges to Riverdale Creek.

4.1 Identifying the Extents of the Bypass Zone

Figure 4-1 provides the proposed layout of wells at the south end of the PRB that will be used for this pi-
lot test. Wells TW-301 through TW-304 will be installed initially. These wells will be sampled and ana-
lyzed for VOCs. The sample from TW-304 will be analyzed with a rapid turnaround to enable field deci-
sions regarding whether to extend the line of wells further to the south. If TW-304 is impacted with
CVOCs above the maximum contaminant levels (MCLs), the line will be extended further to the south
with wells at a similar spacing interval until a boundary of groundwater with all CVOCs below the MCLs is

reached.

4.2 EVO Treatment Zone

When the southern edge of the treatment zone has been defined as indicated in Section 4.1, EVO wells
will be installed 15 feet on center to the outer edge of the zone of impacted groundwater. The location
of the first few EVO wells is shown on Figure 4-1. As noted, additional wells will be added to the south as

needed.

EVO will be added to the wells in the manner described in Section 3.3, except the EVO mix will include a
pH buffer to aid in temporarily increasing the pH of the treatment zone for the reasons discussed below.

Following placement of the EVO, the wells will be sampled after approximately two weeks to determine if
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the aquifer is sufficiently reducing to allow placement of the bioaugmentation culture. Once it is verified
that conditions are favorable for the survival of the bioaugmentation culture, the culture will be added to

the EVO wells and circulated between wells to achieve coverage through the treatment zone.

The selected bioaugmentation culture, which is maintained by Clemson University, was adapted for its
ability to achieve full reductive dechlorination in lower pH groundwater. Most bioaugmentation cultures
lose effectiveness when the pH in the treatment zone drops below approximately 6.0. The Clemson cul-
ture reportedly is capable of maintaining robust dechlorination at a lower pH. Shallow groundwater at
the facility and throughout the surrounding region typically has a low pH. The pH of groundwater near
the south end of the PRB has varied between 5.5 and 6.0 standard units (S.U.) in recent monitoring
events. When donor is added to the aquifer, it is expected that the pH will decline further, although the
actual decline in pH is difficult to predict ahead of in-situ testing. The pilot test will inform us whether

the Clemson bioaugmentation culture can withstand this expected decline in pH.

4.3 Monitoring Bioaugmentation Effectiveness

Following bioaugmentation, the EVO wells will be sampled periodically to verify that a sufficient electron
donor still is present in the treatment zone for effective ERD treatment. The groundwater samples will
be analyzed for DO, ORP, pH, conductivity, alkalinity and TOC. If it is determined that the ORP is rising or
is no longer conducive to ERD, more donor will be added. A soluble donor may be used in conjunction
with EVO if there are problems maintaining low ORP conditions in the aquifer and/or there are pH-related

issues.

The pH will be monitored closely in the treatment zone. If the pH drops below 5.0, actions may be taken
to help raise the pH to aid in the establishment of full reductive dechlorination in the aquifer. For exam-
ple, groundwater may be extracted from a zone downgradient of the PRB and reinjected in the treatment
zone to aid in stabilizing the pH. Thus, such an action should effectively increase the pH, because this

zone has shown higher pH than the aquifer in general. The higher pH in groundwater downgradient of
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the PRB is due to the ZVI corrosion process, which increases the pH of groundwater as it passes through

the PRB.

Two wells in the line of monitoring wells installed to identify the edge of the zone of impact (TW-300
thought TW-306) on the south end of the PRB will be selected to monitor the effectiveness of the ERD.
Groundwater samples will be collected as described in Section 5 and analyzed for VOCs, TOC, sulfate,
alkalinity, arsenic, DO, ORP, pH, conductivity and MEE. The wells will be sampled weekly for the first four
weeks of the test and monthly thereafter until it is determined that the treatment at the south end of the
PRB is no longer needed. Additional EVO injections will be made if dechlorination activity declines

and/or if the reducing conditions in the treatment zone increase (ORP above -75 millivolts).

Arsenic will be monitored due to the known effect of reducing conditions in mobilizing naturally occurring
arsenic from aquifer soils. This effect has been shown to occur to a limited extent with groundwater
downgradient of the PRB; thus, it may occur to some extent with ERD. While arsenic has been present in
groundwater downgradient of the PRB due to the reducing conditions, it has not been detected at ele-
vated levels in Riverdale Creek or in the creek sediment. The arsenic likely precipitates back into the ag-
uifer soils as the groundwater becomes more aerobic downgradient of the PRB. Nonetheless, arsenic
levels will be monitored, both in groundwater and in the creek, to verify that they remain within accepta-

ble ranges.
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Section 5 Quality Assurance/Quality Control

Field and sampling activities will be performed in accordance with the Quality Assurance Project Plan
(QAPP) for the Corrective Measures Monitoring and Equalization Lagoon Post-Closure Monitoring (BC,
2006). The quality assurance/quality control (QA/QC) protocols and procedures in this Work Plan sup-
plement the above-referenced QAPP for the additional sampling and investigation methods (e.g., bro-

mide tracer test) not included in the existing QAPP.

5.1 Data Quality Objectives

Data Quality Objectives (DQOs) are qualitative and quantitative statements that specify the quality of
the data required to support decision-making during closure activities, and are based on the end uses
of the data to be collected. Thus, different data uses may require different levels of data quality. There
are five analytical levels that address various data uses and the QA/QC effort and methods required
to achieve the desired level of quality. These levels are:
Screening (DQO Level 1): This level provides the lowest data quality, but the most rapid
results. It often is used for health and safety monitoring, preliminary comparison to Applicable
or Relevant and Appropriate Requirements (ARARS), initial site characterization to locate ar-
eas for subsequent and more accurate analyses and for engineering screening of alternatives
(bench-scale tests). These types of data include those generated on-site through the use of
PID, pH, conductivity and other real-time monitoring equipment at the facility.
Field Analyses (DQO Level 2): This level provides rapid results and better quality than in
Level 1. It may include mobile laboratory or field gas chromatography-generated data, depend-
ing on the level of quality control exercised.
Engineering (DQO Level 3): This level provides an intermediate level of data quality and is

used for site characterization. Engineering analyses may include mobile laboratory or field
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gas chromatography-generated data and some analytical laboratory methods (e.g., laboratory
data without full quality control documentation).

Conformational (DQO Level 4): This level provides the highest level of data quality and is

used, for example, for purposes of risk assessment. These analyses require data validation pro-
cedures in accordance with EPA recognized protocols, approved analytical methods and analyt-
ical detection limits.

Non-Standard (DQO Level 5): This level refers to analyses by non-standard protocols, for
example, when exacting detection limits or analysis of an unusual chemical compound is re-
quired. These analyses often require method development or adaptation. The level of quality
control is usually similar to DQO Level 4 data. No sampling or analysis for this project will use

DQO 5.

The QAPP addresses soils and/or groundwater sampling and potentiometric surface measurement in

monito

Y

ring wells, which includes the following investigative tasks:

Soils and/or groundwater sampling with a drill rig to delineate CVOCs:

0 Allows for submission of analytical samples for direct comparison with current or histori-
cal soil or groundwater monitoring well data. Soil and groundwater samples collected
with conventional Geoprobe methods will be analyzed at a fixed base laboratory and the
analytical results will be at DQO Level 4;

0 Allows for chemical speciation. Analytical work to be completed at DQO Level 4.
Potentiometric surface measurement in borings will be completed at DQO Level 1.
Potentiometric surface measurements from existing and new temporary monitoring/injection
wells with surveyed top of casing (TOC) measurements will be completed to DQO Level 4.
Survey of installed monitoring and injection wells and investigation locations will utilize DQO

Level 4;
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Sampling of groundwater from Panel 9 Pilot Test wells to assess groundwater ZVI groundwater
treatment will utilize DQO Level 1;

Sampling of groundwater from bioaugmentation wells to assess ERD treatment of groundwater
supplemental to PRB treatment will utilize DQO Level 1;

Refinement of potential groundwater flowpaths that may act as contaminant transport pathways
will utilize DQO Level 2;

Refinement of the facility’s stratigraphy and presence/absence of the Intermediate Clay will uti-
lize DQO Level 2; and

Installation and sampling of wells for purposes of CVOC delineation and potentiometric data will

utilize DQO level 3.

The investigation will follow the methods and protocols set forth in the QAPP for these tasks.
The precision, accuracy, representativeness, comparability, completeness and sensitivity of the Pilot
Test procedures must be adequate to allow the data to be used for:

Assessment of pre-test background conditions;

Delineation of constituents of concern in groundwater through contaminant mass measure-

ment and determination of groundwater flowpaths;
Determination of the volume and frequency of groundwater and/or amendment injections;
The effectiveness of ZVI treatment; and,

The effectiveness of ERD treatment.

The procedures to be used to assure that data meets the above-listed DQOs are detailed further in Sec-

tion 5.2 below.

5.2 Field Instrumentation

Field Instrumentation is expected to include:

Photo-ionization detector (PID) for health and safety monitoring and headspace screening;
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Draeger Tubes™ (or equivalent) to allow for chemical speciation for TCE to support health and
safety monitoring or field screening;

Meters to measure temperature, pH, specific conductance, redox, dissolved oxygen (DO) oxida-
tion/reduction potential (ORP) and turbidity in groundwater; and

Water level tapes to measure depth to water in boreholes or monitoring wells.

Field instrumentation will be calibrated, used and maintained in accordance with the manufacturer’s in-

structions, the QAPP and Site-Specific Health and Safety Plan (T&M, 2015).

PIDs used for headspace and health and safety monitoring will be equipped with an 11.7 eV lamp. Each

instrument will be calibrated to NITST traceable calibration gas of 100 ppm isobutylene.

5.3 Soil Sampling

Soil sampling will occur in accordance with the procedures and methods set forth in the QAPP and sup-
plemented with procedures described in this Work Plan, and in the T&M SOPs provided in Appendix B of

this Work Plan.

5.4 Temporary Well Installation

Temporary wells, monitoring wells and injection wells will be installed in accordance with the applicable

T&M SOP provided in Appendix B.

5.5 Groundwater Sampling
The measurement of water levels, purging of wells and groundwater sampling will occur in accordance
with the procedures and methods set forth in the QAPP.

Vertical profile sampling within a screened interval of a temporary well may be performed in accordance
with the T&M SOP provided in Appendix B. Such vertical profiling may be used to define higher concen-

tration groundwater flow streams.
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The analytical methods, sampling requirements including container, requisite sample volume, preserva-

tion and holding time are provided in Table 5-1. The Quality Assurance procedures for both TestAmerica

and Pace Laboratories are included as Appendices C and D, respectively.

Table 5-1 Groundwater Sampling, Collection, and Holding Time Requirements

ethene

merica); AM20GAX

(Microseeps)

with no headspace

Sodium Thiosulfate

(Microseeps)

Parameter Method Container and Mini- Preservation Holding Time
mum Sample Vol-
ume
Volatile organic SW-846 Method 40 ml VOA,; Filled HCI 14 days
compounds 8260 B with no headspace
Total organic carbon SW-846 Method 40 ml VOA,; Filled HCI 28 days
9060 with no headspace
Sulfate SW-846 Method Unpreserved poly; None 28 days
9056A minimum of 100 ml
(same container as
bromide)
Bromide SW-846 Method Unpreserved poly; None 28 days
9056A minimum of 100 ml
(same container as
sulfate)
Methane, ethane, RSK_175 (TestA- 40 ml VOA,; Filled HCL (TestAmerica); 14 days

A
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5.6 Survey

Investigation locations, injection wells and monitoring wells will be staked and labeled for survey by a

professional surveyor.

The survey will occur following the procedures and methodology set forth in the QAPP. Each boring and
well top of casing will be surveyed to the following tolerances:
0.1 feet in the x and y-axes; and

0.01 feet in vertical axis.

All surveying will be performed by a Professional Surveyor registered in the State of Mississippi.

5.7 Analytical Laboratory

Sample procedures and methodology include, but are not limited to, labeling, handling, staging, packag-
ing, chain-of-custody procedures, sample shipping, analytical methods and procedures, including QA/QC,
will follow the protocols in the QAPP. The analytical laboratories to be used for groundwater and soil

sample analyses, as needed, with be TestAmerica Labs, Inc. and Microseeps, Inc.

5.8 Decontamination and Investigation-Derived Waste (IDW)

Non-disposable field equipment, such as non-dedicated sampling or down-hole tooling and equipment,
will be decontaminated between each sampling location following the procedures outlined in the QAPP.
Drill tooling will be decontaminated after use with a scrubbing wash of phosphate-free potable water, a
scrubbing rinse with potable water and a spray rinse of potable water. Alternatively, a power washer or
steam cleaner may be used to spray potable water. All decontamination rinseate will be containerized

and drummed as investigation-derived waste (IDW).
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Purge water, decontamination water, soil cuttings, personal protective equipment and disposable sam-
pling equipment (i.e., tubing, bailers, sheet plastic, etc.) generated during the sampling event will be
placed into Department of Transportation (DOT)-approved 55-gallon steel drums and staged at the T&M
storage shed in proximity to the PRB. Each drum will be labeled with its contents and date of generation,
as required for proper storage. Groundwater analytical results will be evaluated to characterize the
purge water for transportation and disposal by a licensed waste hauler. Disposal of IDW will follow fed-

eral and state regulations.
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Section 6 Schedule

The pilot test work will be initiated upon approval of this Work Plan. It is anticipated that well installation
and pilot test set-up will occur over a period of one month following mobilization to the facility. The first
phase of the PRB rejuvenation pilot test (ZVI testing phase) will be completed over a period of approxi-
mately one month. The second phase of the PRB rejuvenation pilot test (ERD testing) will occur over a
six-week period following completion of the first phase. If the testing successfully demonstrates that the
PRB can treat groundwater in the proposed manner, the test system will be expanded to the remainder

of the panels where wells already have been installed (segments 6 through 10).

Initially, the ERD work at the south end of the PRB will occur in parallel with the PRB rejuvenation pilot
test. This work then will transition, as necessary, into a longer-term treatment plan that will continue un-

til it is determined that CVOCs are not bypassing the south end of the PRB.

Field activities for the pilot test will be coordinated to enable activities such as well installation, EVO in-
jections, bioaugmentation, surveying and monitoring to occur at similar times. T&M will provide esti-
mated dates for primary mobilization and schedule updates, as needed, to enable EPA to plan its over-

sight activities.
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Section 7 Reporting

Following the completion of the two-month monitoring period for the PRB rejuvenation pilot test, a report

will be

prepared summarizing the methods and results of the pilot test. The report will be submitted to

EPA six weeks following the completion of the pilot test.

The report will include:

Well construction diagrams and location maps of all wells installed for the test;

Boring logs;

Modeling results for the PRB segment 9 with projections regarding the average residence time
expected under various groundwater injection scenario;

Model calibration details, sensitivity analyses, and water level data used to calibrate and vali-
date the model;

Validated laboratory data packages (note that data will be uploaded to the Region 4 EQuIS data-
base when data validation is complete);

Data summary tables; and

Information regarding quantities of amendments placed in the aquifer for ERD and the quanti-

ties of bioaugmentation culture injected in the treatment zone.

The report also will include information and data obtained from the PRB south end pilot test, although

that pilot test is expected to continue beyond the time that the report is submitted. The following infor-

mation from the work at the south end of the PRB will be included in the report:

p

Monitoring well and EVO well installation records and construction diagrams;

Boring logs;

Plan maps with final boring and well locations and elevations;

A figure showing any CVOC bypass on the south end of the PRB, as applicable;
Information regarding the quantity of EVO injected in each well and recirculation times;
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p

The quantity and type of bioaugmentation culture ingested, aquifer conditions at the time of in-

jection and recirculation times;

All laboratory data packages obtained and validated at the time of report preparation;
Field monitoring data;

Data summary tables; and

Plots of monitoring results, as appropriate.
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